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BATTERY STATE MONITORING CIRCUIT
AND BATTERY DEVICE

This application claims priority under 35 U.S.C. § 119 to
Japanese Patent Application No. JP2005-364667 filed Dec.

19, 2003, the entire content of which 1s hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a chargeable battery
device, and more particularly, to a battery state monitoring
circuit for monitoring charging and discharging of a battery
device.

2. Description of the Related Arts

FIG. 3 1s a block diagram showing a conventional battery
device. In the conventional battery device, a negative elec-
trode of a secondary battery 301 1s connected with a negative
external terminal 313 with which one end of a charger 310 or
one end of an external load 311 1s to be connected. A positive
clectrode of the secondary battery 301 1s connected with a
positive external terminal 312 with which the other end of the
charger 310 or the other end of the external load 311 1s to be
connected, through a switch circuit 302 and a switch circuit
303 which are connected 1n series. The secondary battery 301
1s connected 1n parallel with a battery state monitoring circuit
316. The battery state monitoring circuit 316 includes a volt-
age detecting circuit 317 for detecting a voltage of the sec-
ondary battery 301 and an over-current detecting circuit 319
for detecting a voltage generated between an over-current
detection terminal 309 and a VDD terminal 314.

The battery state monitoring circuit 316 has a function of
turning OFF the switch circuit 303 when a state 1n which a
battery voltage of the secondary battery 301 1s higher than a
predetermined voltage value 1s detected. This state 1s referred
to as an “over-charge detection state”. In addition, the battery
state monitoring circuit 316 has a function of turning OFF the
switch circuit 302 when a state 1n which the battery voltage of
the secondary battery 301 i1s lower than a predetermined
voltage value 1s detected. This state 1s referred to as an “over-
discharge detection state”. Further, the battery state monitor-
ing circuit 316 has a function of turning OFF the switch
circuit 302 when a state 1n which an inter-terminal voltage
generated between the over-current detection terminal 309
and the VDD terminal 314 becomes larger than a predeter-
mined voltage value by an increase in current flowing through
the switch circuits 302 and 303, each of which has a prede-
termined ON resistance. This state 1s referred to as an “over-
current detection state”. In the over-current detection state, a
PMOSFET 306 1s being turned ON, so the over-current detec-
tion terminal 309 1s pulled up to the VDD terminal 314
through a resistor circuit 307. The pull-up 1s used to release
the over-current detection state. That 1s, when a resistance
value of the external load 311 1s sufficiently larger than that of
the resistor circuit 307, a voltage at the over-current detection
terminal 309 becomes close to a voltage at the VDD terminal
314. Then, the inter-terminal voltage generated between the
over-current detection terminal 309 and the VDD terminal
314 becomes smaller than the predetermined voltage value.
The over-current detecting circuit 319 detects the imter-termi-
nal voltage and generates a release signal.

However, according to the conventional battery device, the
switch circuit 303 1s being turned OFF in the over-charge
detection state. Therefore, the voltage at the over-current
detection terminal 309 1s increased to a value larger than the
voltage at the VDD terminal 314 by the charger 310, so a
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2

leakage current 320 flows from the over-current detection
terminal 309 to the VDD terminal 314 through the resistor
circuit 307 and a parasitic capacitor 308. The leakage current
320 flows from the VDD terminal 314 into the secondary
battery 301. Thus, there 1s a problem in that 1t 1s likely to
continue charging even 1n the over-charge detection state.

In the conventional battery state monitoring circuit and the
conventional battery device, the resistance value of the resis-
tor circuit 307 1s increased to limit the leakage current 320 to
a small value. Therefore, even when the resistance value of
the resistor circuit 307 1s to be reduced 1n view of the release
of the over-current detection state, there 1s a problem 1n that
the reduction 1n resistance value cannot be realized because
the leakage current 320 becomes larger.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made to solve the
above-mentioned conventional problems. An object of the
present invention 1s to provide a battery state monitoring
circuit 1n which charging in an over-charge detection state 1s
prevented to improve safety, and a battery device including
the battery state monitoring circuit.

In order to solve the above-mentioned problems, according,
to the battery state monitoring circuit and the battery device in
the present invention, a circuit for consuming a leakage cur-
rent 1s additionally provided 1n the battery state monitoring,
circuit to prevent the secondary battery from being charged
with the leakage current.

According to the battery state monitoring circuit and the
battery device 1n the present invention, the above-mentioned
structure 1s employed. Therefore, there 1s an effect that the
conventional problems can be solved to provide the battery
state monitoring circuit in which charging in the over-charge
detection state 1s prevented to improve safety and the battery
device including the battery state monitoring circuit.

In addition, there 1s an effect that a pull-up resistance value
used to release an over-current detection state can be freely set
for any use.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a circuit block diagram showing a battery state
monitoring circuit and a battery device according to a first
embodiment of the present invention;

FIG. 2 15 a circuit block diagram showing a battery state
monitoring circuit and a battery device according to a second
embodiment of the present invention;

FIG. 3 1s a circuit block diagram showing a conventional
battery state monitoring circuit and a conventional battery
device;

FIG. 4 15 a circuit block diagram showing a battery state
monitoring circuit and a battery device according to a third
embodiment of the present invention; and

FIG. § 1s a circuit block diagram showing a battery state
monitoring circuit and a battery device according to a fourth
embodiment of the present invention.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

First Embodiment

FIG. 1 1s a circuit block diagram showing a battery state
monitoring circuit and a battery device according to a first
embodiment of the present invention.
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In a battery device 100 shown 1n FIG. 1, a negative elec-
trode of a secondary battery 101, which 1s chargeable and
dischargeable, 1s connected with a negative external terminal
113 that 1s to be connected to one end of a charger 110 or one
end of an external load 111. A positive electrode of the sec-
ondary battery 101 1s connected with a positive external ter-
minal 112 that i1s to be connected to the other end of the
charger 110 or the other end of the external load 111. The
positive electrode of the secondary battery 101 1s connected
with the positive external terminal 112 through a switch cir-
cuit 102 and a switch circuit 103 that correspond to current
limit means for adjusting a current of the secondary battery
101 and are connected 1n series. The secondary battery 101 1s
connected 1n parallel with a battery state monitoring circuit
116 capable of monitoring at least one of a voltage and a
current of the secondary battery 101.

The charger 110 1s connected with the battery device 100 to
start charging. After that, when a voltage of the secondary
battery 101 exceeds an upper limit voltage to which the sec-
ondary battery 101 can be charged, a detection signal 1s output
from a voltage detecting circuit 117. The detection signal 1s
input into a logic circuit 118. The logic circuit 118 performs
predetermined signal processing such as processing for
delaying the detection signal by a delay time to prevent a
malfunction caused by a temporary noise, and then outputs
the detection signal to a charge control terminal 104. The
detection signal output from the charge control terminal 104
1s used to turn off the switch circuit 103, thereby stopping the
flow of charge current. Therefore, the battery device 100
becomes a charge protection state. This state 1s referred to as
an over-charge detection state. In the over-charge detection
state, the switch circuit 103 1s turned OFF, so a voltage at an
over-current detection terminal 109 1s increased to a value
larger than a voltage at a VDD terminal 114 by the charger
110. Then, a leakage current 120 flows from the over-current
detection terminal 109 to the VDD terminal 114 through a
resistor circuit 107 and a parasitic capacitor 108.

The external load 111 1s connected with the battery device
100 to start discharging. After that, when the voltage of the
secondary battery 101 1s lower than a lower limit voltage to
which the secondary battery 101 can be discharged, a detec-
tion signal 1s output from the voltage detecting circuit 117.
The detection signal 1s input into the logic circuit 118. The
logic circuit 118 performs predetermined signal processing
such as processing for delaying the detection signal by a delay
time to prevent a malfunction caused by a temporary noise,
and then outputs the detection signal to a discharge control
terminal 105. The detection signal output from the discharge
control terminal 105 1s used to turn oft the switch circuit 102,
thereby stopping the flow of discharge current. Therefore, the
battery device 100 becomes a discharge protection state. This
state 1s referred to as an over-discharge detection state.

The discharge current of the secondary battery 101
increases when a resistance value of the external load 111
reduces. After that, when a current of the secondary battery
101 exceeds an upper limit current to which the secondary
battery 101 can be discharged, an inter-terminal voltage gen-
erated between the over-current detection terminal 109 and a
VDD terminal 114 becomes larger than a predetermined volt-
age value by an increase 1n current flowing through the switch
circuits 102 and 103, each of which has a predetermined ON
resistance. An over-current detecting circuit 119 detects the
inter-terminal voltage and generates a detection signal. The
detection signal 1s mputted into the logic circuit 118. The
logic circuit 118 performs predetermined signal processing
such as processing for delaying the detection signal by adelay
time to prevent a malfunction caused by a temporary noise,

10

15

20

25

30

35

40

45

50

55

60

65

4

and then outputs the detection signal to the discharge control
terminal 105. The detection signal outputted from the dis-
charge control terminal 105 1s used to turn off the switch
circuit 102, thereby stopping the flow of discharge current.
Theretore, the battery device 100 becomes the discharge pro-
tection state. This state 1s referred to as an over-current detec-
tion state. In the over-current detection state, a PMOSFET
106 1s turned ON, so the over-current detection terminal 109
1s pulled up to the VDD terminal 114 through the resistor
circuit 107. The pull-up 1s used to release the over-current
detection state. That 1s, when the resistance value of the
external load 111 1s sufficiently larger than that of the resistor
circuit 107, the voltage at the over-current detection terminal
109 becomes close to the voltage at the VDD terminal 114.
Then, the inter-terminal voltage generated between the over-
current detection terminal 109 and the VDD terminal 114
becomes smaller than the predetermined voltage value. The
over-current detecting circuit 119 detects the inter-terminal
voltage and generates a release signal. The resistor circuit 107
has several k&2 to several hundred ME2 for any use. The
leakage current 120 1n the over-charge detection state 1s lim-
ited by the resistor circuit 107.

Here, 1n the battery state momitoring circuit 116 according,
to the present mvention, a resistor circuit 121 which 1s a
current consuming circuit for consuming a current flowing
from the charger 1s connected between the VDD terminal 114
and a VSS terminal 115. The leakage current 120 flows nto
the VSS terminal 115 through the resistor circuit 121. There-
fore, 1n the over-charge detection state, the secondary battery
101 i1s not charged with the leakage current 120, with the
result that the safety of the battery device 100 can be
improved without an unnecessary increase in voltage of the
secondary battery 101. It1s only necessary to set a value of the
resistor circuit 121 such that the entire leakage current 120
flows 1nto the VSS terminal 115. Therefore, for example, the
resistance value of the resistor circuit 107 used to release the
over-current detection state 1s not limited to a large value
necessary to reduce the leakage current 120. Thus, the resis-
tance value can be freely set for any use.

Second Embodiment

FIG. 2 15 a circuit block diagram showing a battery state
monitoring circuit and a battery device according to a second
embodiment of the present invention.

In a battery device 200 shown in FIG. 2, the secondary
battery 101 1s connected 1n parallel with a battery state moni-
toring circuit 216 capable of monitoring at least one of the
voltage and the current of the secondary battery 101. The
battery state monitoring circuit 216 includes a constant cur-
rent circuit 221 connected between the VDD terminal 114 and
the VSS terminal 115. Another structure and operation are
identical to those in the battery device 100 and the battery
state monitoring circuit 116.

Here, 1n the battery state momitoring circuit 216 according,
to the present mvention, the constant current circuit 221
which 1s the current consuming circuit for consuming the
current flowing from the charger 1s connected between the
VDD terminal 114 and the VSS terminal 115. The leakag
current 120 flows mnto the VSS terminal 115 through the
constant current circuit 221. Therefore, 1n the over-charge
detection state, the secondary battery 101 1s not charged with
the leakage current 120, with the result that the safety of the
battery device 200 can be improved without an unnecessary
increase 1n voltage of the secondary battery 101. It 1s only
necessary to set a value of the constant current circuit 221
such that the entire leakage current 120 tlows 1nto the VSS
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terminal 115. Therefore, for example, the resistance value of
the resistor circuit 107 used to release the over-current detec-
tion state 1s not limited to a large value necessary to reduce the
leakage current 120. Thus, the resistance value can be freely
set for any use.

Third Embodiment

FIG. 4 1s a circuit block diagram showing a battery state
monitoring circuit and a battery device according to a third
embodiment of the present invention.

In a battery device 400 shown 1n FIG. 4, the secondary
battery 101 1s connected 1n parallel with a battery state moni-
toring circuit 416 capable of monitoring at least one of the
voltage and the current of the secondary battery 101. The
battery state monitoring circuit 416 includes the resistor cir-
cuit 121 and a switch circuit 422 which are connected
between the VDD terminal 114 and the VSS terminal 115.
Another structure and operation are 1dentical to those in the
battery device 100 and the battery state monitoring circuit
116.

Here, 1n the battery state monitoring circuit 416 according,
to the present invention, the resistor circuit 121 and the switch
circuit 422 which compose the current consuming circuit for
consuming the current tlowing from the charger are con-
nected between the VDD terminal 114 and the VSS terminal
115. In the over-charge detection state, the switch circuit 422
1s being turned ON, so the leakage current 120 tlows into the
VSS terminal 115 through the resistor circuit 121 and the
switch circuit 422. Therefore, in the over-charge detection
state, the secondary battery 101 1s not charged with the leak-
age current 120, with the result that the safety of the battery
device 400 can be improved without an unnecessary increase
in voltage of the secondary battery 101. It 1s only necessary to
set the value of the resistor circuit 121 such that the entire
leakage current 120 tlows into the VSS terminal 115. There-
fore, for example, the resistance value of the resistor circuit
107 used to release the over-current detection state 1s not
limited to a large value necessary to reduce the leakage cur-
rent 120. Thus, the resistance value can be freely set for any
use. The switch circuit 422 1s being turned ON during the
over-charge detection state in which a detection signal for
charge protection 1s generated, so a consumed current of the
battery state monitoring circuit 416 in a state other than the
over-charge detection state can be reduced.

Fourth Embodiment

FIG. 5 1s a circuit block diagram showing a battery state
monitoring circuit and a battery device according to a fourth
embodiment of the present invention.

In a battery device 500 shown 1in FIG. 5, the secondary
battery 101 1s connected 1n parallel with a battery state moni-
toring circuit 516 capable of monitoring at least one of the
voltage and the current of the secondary battery 101. The
battery state momitoring circuit 516 includes the constant
current circuit 221 and the switch circuit 422 which are con-
nected between the VDD terminal 114 and the VSS terminal
115. Another structure and operation are identical to those 1n
the battery device 100 and the battery state monitoring circuit
116.

Here, in the battery state monitoring circuit 516 according
to the present invention, the constant current circuit 221 and
the switch circuit 422 which compose the current consuming,
circuit for consuming the current flowing from the charger are
connected between the VDD terminal 114 and the VSS ter-
minal 115. In the over-charge detection state, the switch cir-
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cuit 422 1s being turned ON, so the leakage current 120 flows
into the VSS terminal 113 through the constant current circuit
221 and the switch circuit 422. Therefore, in the over-charge
detection state, the secondary battery 101 1s not charged with
the leakage current 120, with the result that the safety of the
battery device 500 can be improved without an unnecessary
increase in voltage of the secondary battery 101. It 1s only
necessary to set the value of the constant current circuit 221
such that the entire leakage current 120 flows 1nto the VSS
terminal 115. Therefore, for example, the resistance value of
the resistor circuit 107 used to release the over-current detec-
tion state 1s not limited to a large value necessary to reduce the
leakage current 120. Thus, the resistance value can be freely
set for any use. The switch circuit 422 1s being turned ON
during the over-charge detection state in which the detection
signal for charge protection 1s generated, so a consumed
current of the battery state monitoring circuit 516 in a state
other than the over-charge detection state can be reduced.

What 1s claimed 1s:

1. A battery state monitoring circuit for monitoring a volt-
age between both ends of a secondary battery to control
charging and discharging of the secondary battery, compris-
ng:

terminals connected with the both ends of the second bat-

tery; and

a current consuming circuit provided between the termi-

nals, for consuming a current,

wherein, 1 an over-charge detection state for protecting

the charging of the secondary battery, the current con-
suming circuit consumes a leakage current flowing from
a charger to prevent the leakage current from flowing
into the second battery.

2. A battery state monitoring circuit according to claim 1,
wherein:

the current consuming circuit comprises a first switch cir-

cuit; and

at the same time that the first switch circuit comes into the

over-charge detection state, the first switch circuit 1s
controlled to cause the current consuming circuit to con-
sume the current.

3. A battery state monitoring circuit according to claim 1,
wherein the current consuming circuit comprises a resistor
circuit.

4. A battery state monitoring circuit according to claim 1,
wherein the current consuming circuit comprises a constant
current circuit.

5. A battery device, comprising;:

external terminals connected with one of a charger and a

load;

a secondary battery and a first switch circuit which are

connected 1n series between the external terminals; and

a battery state monitoring circuit for monitoring a voltage

between both ends of the secondary battery to control
the first switch circuit,

wherein the battery state monitoring circuit includes a cur-

rent consuming circuit provided between terminals con-
nected with the both ends of the secondary battery, for
consuming a current, and

in an over-charge detection state for protecting charging of

the secondary battery, the current consuming circuit
consumes a leakage current flowing from a charger to
prevent the leakage current from flowing into the second
battery.

6. A battery device according to claim 5, wherein:

the current consuming circuit comprises a second switch
circuit; and
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at the same time that the first switch circuit 1s turned off, the 8. A battery device according to claim 3, wherein the cur-
second switch circuit 1s turned on to cause the current rent consuming circuit comprises a constant current circuit.

consuming circuit to consume the current.
7. A battery device according to claim 5, wherein the cur-
rent consuming circuit comprises a resistor circuit.
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